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AGE DIFFERENCES IN TECHNOLOGY ADOPTION
DECISIONS: IMPLICATIONS FOR A CHANGING
WORK FORCE

MICHAEL G. MORRIS
Air Force Institute of Technology

VISWANATH VENKATESH
University of Maryland

This research investigated age differences in individual adoption and
sustained usage of technology in the workplace using the theory of
planned behavior. User reactions and technology usage behavior were
studied over a 5-month period among 118 workers being introduced
to a new software system. At 2 points of measurement, compared
to older workers, younger workers’ technology usage decisions were
more strongly influenced by attitude toward using the technology. In
contrast, older workers were more strongly influenced by subjective
norm and perceived behavioral control, although the effect of subjec-
tive norm diminished over time. These findings were robust, even after
controlling for key confounding variables identified in prior organiza-
tional behavior research (i.e., income, occupation, and education lev-
els). Theoretical and practical implications for understanding the ef-
fects of aging on technology adoption and usage in the workplace are
discussed.

Throughout the past decade, changing demographic patterns and
cultural influences have led to an increasingly older workforce (Sharit
& Czaja, 1994; Warr, 1990). Although age differences have been of sig-
nificant interest to psychology researchers and practitioners for over 6
decades (e.g., Girard, 1993; McCarty & Shrum, 1993; Minton & Schnei-
der, 1980; Rhodes, 1983), there has been relatively little research on the
influence of age on technology adoption decisions in an organizational
context.

As a result of today’s fast-paced and complex work environment,
organizations have often elected to deploy sophisticated information
technology to help employees manage this complexity (Gilroy & De-
sai, 1986). Yet there is some evidence that age has an important in-
fluence on technology usage in the workplace. For example, evidence
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suggests that age differences in information processing have an impact
on older workers’ performance of computer-based tasks (e.g., data en-
try, file maintenance, and inventory management) (Czaja & Sharit, 1993;
Sharit & Czaja, 1994). Thus, it appears that gaining a better theoretical
understanding of age differences is important—particularly as they re-
late to user acceptance and usage of new information technologies in
the workplace. Taking a longitudinal approach with data gathered from
118 individuals in a field setting, this research attempts to achieve two
primary objectives:

1. Understand age differences in the relative influence of the origi-
nal theory of planned behavior constructs (attitude toward behavior,
subjective norm, and perceived behavioral control) on usage of a new
technology.

2. Understand age differences over the long term as it relates to sus-
tained usage of technology with increasing experience with the new
technology.

Background
Age Differences

A long line of research exists that looks at socio-cognitive changes
among individuals based on chronological age. For many years, re-
searchers argued that aging was accompanied by a decline in intellectual
ability or intelligence (e.g., Wechsler, 1958). Today, there is less support
for a unidimensional view of intelligence—rather, more contemporary
views have focused on specific types of abilities having different age func-
tions—for example, verbal scores do not change with age while perfor-
mance scores decline with age (e.g., Botwinick, 1967, 1977). Likewise,
crystallized intelligence does not change with age while fluid intelligence
can change or remain constant (e.g., Baltes & Lindenberger, 1997; Horn,
1977; Schaie & Willis, 1986).

Taken together, these results present a life cycle orientation whereby
job needs and preferences change with age. Infact, many have promoted
theories that apply life cycle approaches to job-related attitudes and
behavior as important contributions to psychological theories of aging
(e.g., Rhodes, 1983). Therefore, the proposed model addresses this need
for theoretically based research on age differences in the increasingly
important area of technology acceptance and usage in the workplace.

e
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Theory of Planned Behavior

The primary theoretical framework for this research is Ajzen’s (1985,
1991) theory of planned behavior (TPB). TPB has been widely applied
across a range of disciplines including marketing/consumer behavior
(Berger, 1993), leisure behavior (Ajzen & Driver, 1992) and medicine
(Randall & Gibson, 1991), among others. TPB has also been applied
by organizational psychologists to study adoption of new technologies
(e.g., Mathieson, 1991; Taylor & Todd, 1995a). TPB defines relation-
ships between attitudes, norms, and control as determinants of intention
and behavior (Figure 1). Although intention was included in the original
conceptualization of TPB, the availability of objective measures of be-
havior in the current research allows us to omit intention from the model
and study the effects directly on behavior. The key determinants in the
theoretical model are defined as follows:

1. Attitude toward behavior (A) “refers to the degree to which a per-
son has a favorable or unfavorable evaluation or appraisal of the be-
havior in question” (Ajzen, 1991, p. 188). In a technology adoption
context, the key behavior of interest is use of the system; therefore,
attitude toward behavior is a potential user’s affective evaluation of
the costs and benefits of using the new technology.

2. Subjective norm (SN) “refers to the perceived social pressure to per-
form or not to perform the behavior” (Ajzen, 1991, p. 188). In the
context of technology usage, subjective norm has manifested itself as
peer influence and superior influence (Mathieson, 1991; Taylor &
Todd, 1995a).

3, Perceived behavioral control (PBC) is defined as “people’s percep-
tion of the ease or difficulty of performing the behavior of interest”
(Ajzen, 1991, p. 183). Consistent with this basic definition, prior re-
search studying technology adoption and usage behavior has related
this construct primarily to constraints to technology usage (Taylor &
Todd, 1995a), particularly the ease or difficulty of using the new tech-
nology.

Hypothesis Development

In studying the acceptance and use of a new technology, it is impor-
tant to examine such phenomena over time in order to understand how
increasing user experience with the specific system software influences
usage patterns (e.g., Davis, Bagozzi, & Warshaw, 1989). Theoretically,
in the earliest stages of technology introduction, users are making an
“acceptance” decision. However, initial acceptance decisions have been
shown to be systematically different from long-term “usage” decisions
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Attitude Toward
Using Technology

Subjective > System
Norm
Use
Perceived
Behavioral
Control

Figure I1: Theory of Planned Behavior

(see Davis et al., 1989; Venkatesh & Davis, in press). Therefore, in order
to gain a more thorough understanding of age differences, this research
studies the role of age in both initial (i.e., short-term) and continued
long-term usage behavior decisions.

A large body of research on aging differences exists in the psychology
literature (see Minton & Schneider, 1980; Rhodes, 1983 for reviews), fo-
cusing particularly on understanding mean differences in abilities, traits,
or performance outcomes (e.g., Sharit, & Czaja, 1994). Little, if any,
research has aimed at understanding age differences in the salience of
different attributes—that is, the relative importance of potential deter-
minants—in decision-making processes related to technology adoption.
Figure 2 presents the specific research model proposed and tested in this
research.

Effect of Age on Usage

The proposed model builds on TPB outlining the role of age as a key
factor influencing usage. In order to establish the relationship between
age and usage within the context of TPB and the extensions proposed in
this paper, the following four conditions have to hold true:

1. age has a direct effect on usage,
2. age has an effect on A, SN, and PBC,
3. age has a moderating influence on the A-Usage, SN-Usage, and

PBC-Usage relationships, and
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4. the effect of age on usage is fully mediated by A, SN, and PBC (i.e.,
age has no significant direct effect on usage over and above the ef-
fects of A, SN, and PBC).

Short-Term Effects

Research has shown that as basic physiological processes decline with
age, older workers are less able to process complex information process-
ing tasks (e.g., Birren, Woods, & Williams, 1980). There is also some
support for the idea that older workers have a more difficult time adapt-
ing to changes in the work environment and will likely take refuge in
methods that are familiar to them (Dalton & Thomas, 1971; Forteza &
Prieto, 1990; Myers & Conner, 1992; Sharit & Czaja, 1994). Thus, we
hypothesize:

Hypothesis 1: Age is negatively related to short-term usage.
Attitude Toward Using Technology

There is significant evidence (e.g., Davis, 1989; Davis et al., 1989;
Mathieson, 1991; Taylor & Todd, 1995a) to suggest that the most critical
belief underlying an individual’s attitude toward the behavior of adopt-
ing a new technology in the workplace is her or his perceptions about
the usefulness of the technology. Perceived usefulness is defined as the
extent to which a person believes that using a particular technology will
enhance her or his job performance (Davis, 1989), and empirical evi-
dence suggests that in the workplace attitude toward using a technology
is, in fact, tied closely to instrumentality (Davis et al., 1989; Taylor &
Todd, 1995a). Thus, in determining usage, it is important to understand
differences between younger and older workers in the importance each
group attaches to extrinsic factors related to usage of a new technology.

Within the organizational setting, many researchers have examined
age differences with respect to work attitudes, work behaviors, and val-
ues, needs and preferences (Rhodes, 1983). For example, there is over-
whelming evidence which supports a positive correlation between age
and overall job satisfaction (e.g., Near, Rice, & Hunt, 1978; Siassi, Cro-
cetti, & Spiro, 1975; Weaver, 1980). Gibson and Klein (1970) concluded
that the age-satisfaction relationship was a part of the aging process and
could be explained by changing needs, a mellowing process, and chang-
ing cognitive structures associated with age.

There is also evidence to suggest that younger workers tend to be
more focused on job-related outcomes, task accomplishment, and ex-
trinsic rewards (e.g., Andrisani, Appelbaum, Koppel, & Miljus, 1978;
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MORRIS AND VENKATESH 381

Gould, 1979; Hall & Mansfield, 1975; Rabinowitz & Hall, 1981; Porter,
1963). Thus, we expect age to have a negative direct influence on at-
titude toward using a new technology that is driven by an instrumental
factor (i.e., usefulness perceptions). We also expect an interaction effect
of age such that attitude toward using technology will be more salient to
younger workers than older workers.

Subjective Norm

Given that subjective norm in the workplace technology adoption
context is tied to peer influence and superior’s influence (Mathieson,
1991; Taylor & Todd, 1995a), we expect the extent of age differences in
the role of subjective norm to be closely linked to the extent to which
younger/older workers are influenceable and respond to informational
input from peers and superiors. In the organizational environment, re-
search suggests that older workers are more concerned with pleasing
others and are more likely to conform to majority opinions (e.g., Hall
& Mansfield, 1975; Porter, 1963). Other studies have documented that
older workers have a lower need for autonomy (inversely related to “sub-
jective norm”) than younger workers (Aldag & Brief, 1975; Cook & Wall,
1980; Evans, Kiggundu, & House, 1979; Hackman & Oldham, 1976).
Rhodes’ (1983) analysis also suggested that needs for affiliation and hav-
ing friendly coworkers and superiors increase with age. Therefore, in
the short term, we expect that age will have a positive direct influence
on subjective norm. We further expect that the subjective norm-usage
relationship will be moderated by age such that normative influences wilt
be more salient for older workers.

Perceived Behavioral Control

Following from the definition of perceived behavioral control pre-
sented earlier, TPB research (e.g., Sparks, Guthrie, & Shepherd, 1997)
has provided evidence indicating that perceived difficulty—especially as
it is related to internal constraints (Venkatesh, in press)—is the most
important factor underlying perceived behavioral control. As noted ear-
lier, research has shown that performance on fluid intelligence tasks de-
clines with age (Horn, 1975, 1977). Floyd and Scogin (1997) have sug-
gested that memory capacity decreases with age, particularly secondary
memory. In addition, older individuals appear to have problems with
both accessing and retrieving information from memory (Arenberg &
Robertson, 1977; Craik, 1977; Elias & Elias, 1977; Minton & Schneider,
1980).
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Increased age has also been shown to be associated with difficulty
in processing complex stimuli and allocating attention to task-relevant
information (Plude & Hoyer, 1985). Welford (1980) found that age-
related working memory deficits were more pronounced when the infor-
mation presented was new, in an unfamiliar cognitive domain, or com-
plex. Further complicating the use of new technologies, one of the well-
known changes associated with aging is the loss of resolving power of
the visual system: older people are unable to distinguish among closely
occurring visual stimuli as easily as their younger counterparts (Kline
& Schieber, 1982). Therefore, specific to computer-related work, re-
searchers have suggested strategies such as using window-based user in-
terfaces or particular types of menu structures as especially beneficial for
older workers in that they decrease the user’s requirement to maintain
information in working memory (Sharit & Czaja, 1994).

Given these differences in cognitive processing, access to resources
and assistance provided by particular user interface design features
should help make technology more usable, and such issues should be
particularly salient for older workers. Therefore, we expect that age will
have a positive direct influence on perceived behavioral control. We also
expect an interaction effect such that perceived behavioral control will
be more salient in determining usage for older workers than for younger
workers.

Thus, in the short term, we propose that age will have a direct influ-
ence on each of the TPB constructs and that those constructs will mediate
the influence of age on usage:

Hypothesis 2a: Age is negatively related to attitude toward using technol-
ogy in the short term.

Hypothesis 2b: Age is positively related to subjective norm in the short
term.

Hypothesis 2c: Age is positively related to perceived behavioral control in
the short term.

In addition, based on the preceding theoretical development, we sug-
gest that age will have an important moderating influence on the rela-
tionship between each of the TPB constructs and technology usage in the
short term. Specifically, we suggest that attitude toward using is most im-
portant for younger workers, and normative and control influences are
more salient for older workers. Thus, we hypothesize:

Hypothesis 3a: Age moderates the relationship between attitude toward
using technology and short-term usage, such that attitude toward using
will be more salient for younger workers than older workers.
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Hypothesis 3b: Age moderates the relationship between subjective norm
and short-term usage, such that subjective norm will be more salient for
older workers than younger workers.

Hypothesis 3c: Age moderates the relationship between perceived behav-
ioral control and short-term usage, such that perceived behavioral control
will be more salient for older workers than younger workers.

Mediation of Age by TPB Constructs

Although it was suggested that age has an effect on usage (Hypoth-
esis 1), such an effect on usage is expected to be fully mediated by at-
titude toward using technology, subjective norm, and perceived behav-
ioral control. Such a contention is based on a key TPB premise that TPB
constructs will fully mediate the effect of external variables (such as age)
on intention and behavior. Thus, we hypothesize:

Hypothesis 4: The effect of age on short-term usage will be fully medi-
ated by attitude toward using technology, subjective norm, and perceived
behavioral control.

Long-Term Effects

As in the short term, we first examine the direct effect of age on long-
term usage as a basis for later understanding the potential mediating ef-
fects of the TPB constructs and/or the moderation of those constructs’
relationship with technology usage by age. The basic rationale suggest-
ing a negative relationship between age and usage in the short term also
applies over the long term. Therefore,

Hypothesis 5: Age is negatively related to long-term usage.
Attitude Toward Using Technology

In a previous study of technology adoption and sustained usage (¢.g.,
Davis et al., 1989), there is evidence to suggest that the effect of attitude
toward using technology on intention/behavior remained strong even af-
ter 14 weeks of use. Related psychology research also supports the no-
tion that attitudinal components tend to be strong determinants of in-
tention/behavior with increasing direct experience with the target behav-
ior (Doll & Ajzen, 1992; Fazio & Zanna, 1978a, 1978b, 1981; Regan &
Fazio, 1977) for up to a year (Reinecke, Schmidt, & Ajzen, 1996). Based
on an accumulation of evidence (e.g., Taylor & Todd, 1995a) it is clear
that instrumental factors are not simply important initial determinants of
behavior—they remain important over the long term. Therefore, we ex-
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pect age differences with respect to direct influences on attitude toward
using will be sustained over time. We also expect that the moderating
the influence of instrumental factors that were present at the time of the
initial acceptance decision will sustain over time with increasing direct
experience with the specific technology.

Subjective Norm

To understand age differences in subjective norm over the long term,
itis necessary to consider the role of experience and how that experience
can influence the importance of others’ opinions in determining usage
for any one individual. In early stages of user experience (see Hypoth-
esis 2b, Hypothesis 3b), even if an individual does not have a favorable
reaction to the system, if they are motivated by one or more important
referents, the individual will tend to comply with others’ views and use
the target system (see Warshaw, 1980).

However, as direct experience with the technology increases over
time, individuals begin to form a better independent assessment of the
benefits and costs associated with using that technology. Even in cases
where their original decision was based on others’ opinions, individu-
als begin to internalize the opinions of others (Oliver & Bearden, 1985;
Warshaw, 1980). Therefore, over time, this results in a reduction of the
direct effect of subjective norm on intention/behavior (e.g., Reinecke et
al., 1996). Thus, consistent with a shifting causal mechanism (i.e., from
compliance to internalization), the direct effect of subjective norm on
use is expected to diminish. Specifically, although age is expected to
continue to have a direct effect on subjective norm, the effect of sub-
jective norm in determining usage will become nonsignificant for both
younger and older workers over the long term.

Perceived Behavioral Control

Cognitive processing differences between older and younger work-
ers related to processing complex stimuli (Plude & Hoyer, 1985) and
distinguishing among visual cues in a complex information environment
(Cerella, Poon, & Fozard, 1982; Kline & Schieber, 1982; Walsh & Prasse,
1980) are likely to continue to be important issues for older workers and
will not be resolved with increasing experience with the technology. In
addition, prior research (e.g., Bergeron, Rivard, & De Serre, 1990) has
suggested that support staff is one of the most crucial elements in alle-
viating constraints to technology usage. Research from organizational
psychology has suggested that older workers place greater importance
upon receiving help and assistance on the job (Hall & Mansfield, 1975).
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Thus, older workers may be more motivated to tap the assistance sup-
port staff as they continue using technology (i.e., with increasing levels of
experience). Therefore, we expect that age will continue to have an im-
portant influence on perceived behavioral control in the long run. Fur-
thermore, the cognitive differences based on aging as well as the avail-
ability of support staff to alleviate constraints to technology are likely to
make perceived behavioral control more salient for older workers than
younger workers over the long term.

Thus, over the long term, we expect age will continue to have a
direct effect on attitude toward using technology, subjective norm, and
perceived behavioral control, and moderating effects on the A-Usage,
SN-Usage, and PBC-Usage relationships. Thus, we hypothesize:

Hypothesis 6a: Age is negatively related to attitude toward using in the
long term.

Hypothesis 6b: Age is positively related to subjective normin the long term.
Hypothesis 6¢: Age is positively related to perceived behavioral control in
the long term.

Hypothesis 7a: Age moderates the relationship between attitude toward
using and long-term usage, such that attitude toward using will be more
salient for younger workers than older workers.

Hypothesis 7b: Age does not moderate the relationship between subjective
norm and long-term usage.

Hypothesis 7c: Age moderates the relationship between perceived behav-
ioral control and long-term usage, such that perceived behavioral control
will be more salient for older workers than younger workers.

Mediation of Age by TPB Constructs

Consistent with our theoretical frame for this paper, the effect of
age on usage is expected to be fully mediated by attitude toward using
technology, subjective norm, and perceived behavioral control. Thus,
we hypothesize:

Hypothesis 8: The effect of age on long-term usage will be fully mediated
by attitude toward using technology, subjective norm, and perceived be-
havioral control.

In sum, the current research proposes age as an important variable in
understanding technology usage, both in the short-term (Hypothesis 1)
and long-term (Hypothesis 4). In seeking to better understand the in-
fluence of age, we suggest that age may affect usage in two ways: first,
through its effect on TPB constructs (Hypothesis 2a-c; Hypothesis 5a—
¢) and as a potential moderator of relationships derived from the TPB
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(Hypothesis 3a—c, Hypothesis 6a—). Finally, the effect of age on inten-
tion and behavior is expected to be fully mediated by TPB constructs
(Hypothesis 4 and 8).

Research Method
Farticipants and Systems

The setting for the research was a medium-size financial accounting
firm in a large midwestern city with approximately 300 personnel. The
firm was well established in the community and had been in business
for about 15 years. A total of 130 customer account representatives who
were in the process of implementing a new technology participated in the
study, and 118 usable responses were obtained at all points of measure-
ment. The specific software being introduced was a new Windows95-
based organization-wide system for data and information retrieval. The
system was used for all internal accounting transactions and for organiza-
tional knowledge management via a virtual community of customer ser-
vice representatives. Usage of the new system was voluntary because the
participants could use either the new system or the existing system. The
first year of implementation was considered a trial period after which
an executive decision would be made on whether to continue use of the
new system or revert to the existing system. None of the participants had
any prior knowledge about the software technology being introduced.
All participants received a 2-day training session on the system, with the
first day of training focusing on concepts and features of the system and
the second day including 2 hours of interactive lecture (i.e., lecture com-
bined with hands-on use), and 4 hours of hands-on use (with consultants
being available to help). In the interest of delivering the highest quality
training, the participating organization conducted multiple sessions with
the same training staff over a 2-week period with about 25 participants
in each session. Additional centralized support staff provided help to
subjects with questions or problems during the week after training. The
trainers and (software) consultants did not know about the research or
its objectives.

Potential Confounding Factors

There are several important demographic variables that could poten-
tially confound observed age differences. The most important covariates
are those which, upon inclusion, might (theoretically) eliminate age dif-
ferences. Three potential confounds associated with age include income,

S
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MORRIS AND VENKATESH 387

occupation, and education (e.g., Minton & Schneider, 1980). Specifi-
cally, older individuals are overrepresented in categories of higher in-
come, higher occupational positions, and higher educational qualifica-
tions. Thus, in the current research, it was deemed important to first
evaluate (and control, if necessary) the effects of income level, occupa-
tion level, and education level (see Gould & Werbel, 1983; Kite, 1996;
Praeger, 1986).

Procedure and Measurement

User reactions and usage behavior were measured over a period of
5 months. Subjects participated in a 2-day training program on the sys-
tem. Neither the lecturers nor the software consultants knew about the
research or its objectives. User reactions to the technology were gath-
ered at two points in time: immediately after the initial training (¢,) and
after 3 months of experience (f;). Actual usage behavior (USE) was
measured over a 5-month period from the time of initial introduction of
the technology. For purposes of this research, ¢; represented the mea-
surement point to study short-term effects (i.e., initial user reactions),
and ¢, represented measurements to study long-term effects (i.e., situa-
tions of significant direct experience with the technology). We expected
that analyzing user perceptions and behavior at these two separate points
in time would help us gain an understanding of the influence of experi-
ence in this context. To that end, using the different points of measure-
ment as a proxy for experience with the new technology is consistent
with prior research in the domain (e.g., Davis et al., 1989) and our other
work in this area (Venkatesh, in press; Venkatesh & Davis, 1996, in press;
Venkatesh & Morris, in press; Venkatesh, Morris, & Ackerman, in press;
Venkatesh & Speier, 1999). A, SN, and PBC measured in a specific time
period (e.g., t1) were used to predict subsequent usage behavior. Fig-
ure 3 presents a summary of the design and points of measurement of
this research.

Validated items were used to measure attitude toward using tech-
nology, subjective norm, and perceived behavioral control (Davis, 1989;
Davis et al,, 1989; Mathieson, 1991; Taylor & Todd, 1995a, 1995b).
Actual usage behavior (USE), operationalized as the frequency of use
(number of user queries for information), was gathered from system
logs. Consistent with prior research in sociology and organization be-
havior, demographic variables of interest: age, income, organizational
position, and education were measured. The Appendix presents a list of
the items used in this research.
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Short-term effects Long-term effects

||

Initial measures Follow-up Data gathering
gathered measures gathered completed

training use use

t ta

Post training Three months Five months

Figure 3: Research Design and Timing of Measurement
Results
Preliminary Analysis

The descriptive statistics and the intercorrelations among the key
variables used in this research are presented in Table 1. A combina-
tion of factor analysis and reliability analysis was performed in order to
evaluate the psychometric properties of the measures used in this study.
The factor structure matrices based on principal components analysis
with direct oblimin rotation and reliability analysis for ¢, and ¢, are pre-
sented in Tables 2a and 2b. The observed pattern of high reliability and
validity was consistent with our expectations given that the scales have
been extensively tested and validated in prior research (e.g., Mathieson,
1991; Taylor & Todd, 1995a).

Hypothesis Testing

Hierarchical regression was used to analyze the data. Hierarchical
regression is an effective technique in this context as it allows us to keep
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TABLE 2a
Factor Structure Matrix at Time 1 (Direct Oblimin Rotation)

1 2 3
Al 0.90 0.08 0.00
A2 0.88 0.10 0.09
A3 0.85 0.10 0.10
Ad 0.95 0.14 0.10
SN1 0.11 0.88 0.14
SN2 0.10 0.88 0.12
PBC1 0.05 0.05 0.96
PBC2 0.02 0.11 0.92
PBC3 0.05 0.10 0.84
PBC4 0.08 0.10 0.86
PBCS5 0.08 0.10 0.87
Cronbach ¢ 0.90 0.87 0.85
TABLE 2b
Factor Structure Matrix at Time 2 (Direct Oblimin Rotation)
1 2 3
Al 0.86 0.07 0.06
A2 0.84 0.08 0.08
A3 0.82 0.04 0.02
Ad 0.90 0.10 0.11
SN1 0.08 0.91 0.13
SN2 0.09 0.90 0.10
PBCI 0.05 0.06 0.90
PBC2 0.04 0.02 0.95
PBC3 0.11 0.05 0.87
PBC4 0.13 0.11 0.82
PBCS 0.10 0.12 0.90
Cronbach o 0.89 0.90 0.90

Note: Al-A4: attitude toward using items; SN1-SN2: subjective norm items; PBC1-
PBCS: perceived behavioral control items; USE is not included here due to objective
nature of the measurement.

AGE in a continuous form, while also statistically evaluating the influ-
ence of potential confounds (e.g., occupational level, education level,
etc.). For the primary dependent variable, USE, we entered both AGE
and potential confounding variables in the initial step. In the second
step, the TPB variables (A, SN, and PBC) were added to test the effi-
cacy of TPB in this context and to help examine the potential media-
tion of AGE by the TPB constructs. In the third step, 2-way interaction
terms including AGE, TPB constructs, and potential confounding vari-
ables (e.g., AGE x A, INCOME x A) were added. In the final step,
3-way interaction terms including AGE, TPB constructs, and potential
confounding variables (e.g., AGE x A x INCOME) were entered. None
of the direct or interaction effects of any of the three confounding vari-
ables were found to be significant. This suggested that the confounding
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TABLE 3
Hierarchical Regression for Short-Term Usage

Step v R? AR? 8 P
1 AGE 4 A7 —-.40 e

2 AGE = 20 —.09
A -36 LE L]
SN 24 2
PBC 25 o

: | AGE .52 A5 .04
A A7 .
SN 23 rd

PBC 07
AGE X A —.46 il
AGE x SN 41 i
AGE x PBC .39 g

Note: A: attitude toward using technology; SN: subjective norm; PBC: perceived behav-
ioral control. An age-squared term was included but was not significant.
*p<.05 *p<.01 ***p< .001

variables did not play a role in influencing usage over and above age.
Based on this analysis, it was decided to delete the confounding variables
and re-analyze the data.

The results of the hierarchical regression models for both short-term
usage (t1) are presented in Table 3. As confirmed by Step 1, age does
have an influence on short-term technology usage (p < .001; Hypoth-
esis 1). Although not explicitly tested in the hierarchical regression
model, AGE has an influence on A (-), SN (+), and PBC (+), as pre-
dicted by Hypothesis 2(a—c)—this is clearly discernible from the corre-
lations (Table 1), as the effect of AGE on A, SN, and PBC is simply the
correlation given the model in Figure 2. Based on Steps 2 and 3, it is
evident that AGE moderates the effect of A, SN, and PBC on usage,
with younger workers placing greater emphasis on A in determining use
(p < .001; Hypothesis 3a), older workers weighting SN and PBC more
strongly (p < .001) in determining use than younger workers did at ¢,
(Hypothesis 3b and 3c). Finally, given the effects of AGE on A, SN,
and PBC, and the fact that AGE has no direct effect on usage over and
above A, SN, and PBC (step 2), the effect of AGE can be said to be fully
mediated by TPB constructs, thus supporting Hypothesis 4.

Over the long term, the pattern of results (Table 4) was as expected
(Hypotheses 5 through 8) and largely consistent with the short-term re-
sults. The only exception was that in the long-term subjective norm was
nonsignificant as a determinant of usage, both as a direct effect and an
interaction term, which was consistent with expectations.
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TABLE 4
Hierarchical Regression for Long-Term Usage

Step v Rr? AR? B P
1 AGE 14 14 -.38 i
2 AGE 32 18 -.13

A —.40 B
SN 04
PBC 27 T
3 AGE A48 16 —-.08
A 20 1
SN 05
PBC .16
AGE X A —.43 g
AGE x SN .08
AGE x PBC 46 fchia

Note: A: attitude toward using technology; SN: subjective norm; PBC: perceived behav-
ioral control. An age-squared term was included but was not significant.
*p< .05 *p<.01 ***p< .00]

Discussion

The results suggest that there are clear differences with age in the
importance of various factors in technology adoption and usage in the
workplace. As hypothesized, initial acceptance decisions of younger
workers found attitude toward using a new technology to be more salient
than older workers; conversely, older workers weighed the importance
of subjective norm and perceived behavioral control more strongly than
younger workers in determining usage of a new technology in the short
term. For long-term usage decisions, the pattern of results for attitude
toward using technology and perceived behavioral control was consistent
with the initial adoption decision; however, there were no differences in
subjective norm. These results were present even after controlling for
potential confounding variables (income, occupation, and education).
In addition, an age-squared term was added to our preliminary analysis
to examine whether age-related changes might be asymptotic; however,
the term was nonsignificant, suggesting that the influence of age is linear
for this sample. Therefore, it appears that age does have important
influences on technology adoption and sustained usage decisions.

Given our results, a clear theme emerges. Specifically, in the short
term, most factors outlined by TPB are significant for both younger
and older workers; however, the salience of each factor varies with age.
Specifically, younger workers appear to be more driven by underlying at-
titudinal factors whereas older workers are more motivated by social and
process factors. Over the long term, the contrasts were equally striking.
After 3 months of experience with the system, older workers no longer
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placed significant emphasis on subjective norm; that is, they were no
different than younger workers in this regard. Given current theoretical
perspectives, this was not surprising—as noted earlier, we only expected
subjective norm to have an influence on older workers’ initial decision
to use technology and that subjective norm would become nonsignificant
with increasing experience (i.e., during measurement after 3 months of
use) due to internalization of normative influences. The data suggests
that the internalization process occurs quickly. In fact, in this case, 3
months was long enough for internalization to take place, rendering
subjective norm nonsignificant for both groups at that point. Given
that these results were robust to potential confounds, the modified TPB
framework incorporating age, proposed in this paper, appears sound.
In the light of these consistent findings, it is interesting to speculate
about the underlying causal mechanisms for these striking differences in
technology adoption decisions across age groups. That is, why might at-
titude toward using the technology be more important for younger work-
ers whereas subjective norm and perceived behavioral control are more
important for older workers? One possible explanation is that those
in their twenties and thirties (i.e., relatively “younger” workers in this
study) are much more likely to have been exposed to information tech-
nology at a relatively early age—perhaps as early as elementary school
in some cases. This is much less likely for older employees because
they would have completed high school (and in many cases, college)
before the personal computer was commonplace. In other words, the
opportunity for older workers to interact with information technology
before entering the workplace was much more limited. Thus, it is rea-
sonable to assume that older workers may be much more accustomed
to seeking and applying traditional (i.e., “nontechnology”) solutions to
job-related tasks whereas younger workers are much more reliant on
the use of technology for job accomplishment. This might explain why
productivity-oriented factors (i.e., the degree to which the technology
helps them perform their job better) are more salient for younger work-
ers. The finding that subjective norm is more salient for older workers
(at least in the short term) may also simply reflect a greater comfort level
with technology on the part of younger workers. Having grown up in the
age of the personal computer, younger workers may simply have more
experience making independent judgments about technology and may
not care as much about what those around them believe. On the other
hand, older workers may be less confident in their ability to render in-
dependent judgments about various facets of new technology and may
be more likely to seek out and consider the opinions of those offered
by friends and coworkers. Similarly, older workers in this sample also
appear to rely more heavily on those sources of support that are most
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likely to be consistent with the training they received about new infor-
mation technology. With regard to perceived behavioral control, they
appear to weigh issues of ease or difficulty of using the new technology
more heavily than younger workers do—a finding that is consistent with
differences one might expect between a group trained on technology in
a workplace setting versus those exposed to technology at a younger age
in a classroom-oriented environment.

The discussion above is consistent with a cohort explanation of the
differences seen in this sample. In other words, the past experiences (i.e.,
exposure, training, and use of information technology) of the younger
cohort in this sample were different